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Interesterification of Fatty Acidl Esters 


We, Eastman Kodak Company, a company 
organized under the laws of the State of New 
Jersey, United States of America, of 343, State 
Street, Rochester, New York, United States of 
America, (Assignee of George Young 
Brokaw), do hereby declare the invention, for 
whidi we pray tiiat a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 

This invention relates to the interesterifica- 
tion of mixtures of substantially fully csterified 
fatty acid esters of monohydric or polyhydric 
alcohols to rearrange tile fatty acid radicals in 
sudi fatty add esters. 

For many years, partial esters of polyhydric 
alcohols have been readily prepared by alcoho- 
lysis erf a fatty add ester of a polyhydric 
alcohol with either a monohydric or a jpoly- 
hydric alo^ol in the presence of an addic or 
a basic catalyst. The preparation ci substan- 
tially completely esterified fatty acid esters of 
suitably modified charaaeristics die re- 
arrangement of fatty acid radicals between full 
esters has been more diflScult, however, 
because of the lack of suitable mediods fot 
effecting the reaction easily and in high, yield. 
As a consequence, it has been necessary^ to 
resort to indirect methods rather than cfferting 
direct cross-esterification between substantially 
completdy csterified fatty add esters. For 
example, the preparation (rf mixed esters such 
as the triglycerides containing both lower and 
higher fatty add radicals has been acc<»n- 
plished by first making glyceryl partial esters 
of the higher fatty adds and dicn acetylatinjg 
these partial esters either by an alcohcdysis 
reaction or by reacting the partial ester with 
an anhydride such as acetic anhydride. 

Anodier method which has been employed 
involves adding a minor amount of a poly- 
hydric alcohol to a mixture of substantially 
fully esterified fatty add esters whereby the 
rearrangement of the fatty add radicals results 


from a succession of incremental alcoholysis 
reactions. It is desirable, however, to provide 
an interesterification process whidh proceeds 
directly between substantially fully esterified 
fatty add esters with the same ease and facility 
as is the case in alcoholysis reactions. Fcm: this> 
the conventional alcoholysis catalysts have 
proved largely ineffective. 

The cross-esterification of substantially com- 
pletely csterified fatty add esters is highly 
desirable in many cases. It is very useful in 
modifying the physical and rli<>Tniral char- 
acteristics of the triglyceride fats, which 
indude botii solid fats and fatty oils. Thus, 
for example, the animal fats such as lard and 
the vegetable oils such as soybean oil, cotton- 
seed oil, coooniit oil, whether unhydrogenated 
or partially or fully hydrogenated, consist 
largdy of mixtures ci triglycerides, and thdr 
properties can be modified to make them more 
suitable for particular apph'cations by rearrange 
ing the fatty add radicals in the mixture. 
Similarly, full esters of certain predetermined 
characteristics can be prepared by effecting 
ester interchange between a substantially com- 
pletdy csterified fatty add ester of a poly- 
hydric alcohol and a different fatty add ester 
of tfie same or different polyhydric alcohol or 
of a monohydric alcohol. Also mixed esters erf 
polyhydric alcohols witii higher and lower fatty 
adds have properties quite dissimilar to those 
of the esters of a polyhydric alcohd with all 
higher fatty adds. 

It is accordingly an object of this invention 
to provide a new method of effecting direct 
ester-interchange in mixtures of substantially 
completely esterified fatty add esters. 

According to the present invention, a 
method of effecting interesterification com- 
prises heating a mixture of substantially com- 
pletdy esterified fatty add esters at a tempera- 
ture of at least 180* C in tiie presence of a 
plural metal soap catalyst comprising a soap 
or soaps of at least two noetals wherein cme 


45 


50 


55 


60 


65 


70 


75 


80 


85 


2 


791,165 


of the metals is an alkali or an alkaline earth 
metal and tibie other metal is an amphoteric 
metal, and thereby rearranging the fat^ add 
radicals in the mixture^ said soap or soaps 

5 being derived from one or more fatty adds 
having at least 5 carbon atoms per molecule. 

The fatty add esters may be esters of either 
polyhydric alcohols sudbi as glycerol, glycols 
such as ethylene glycol, pr<^ylene glycol ami 

10 polyaUcylene glycols, cellmose, sorbitol, manni- 
tol, pentaerySudtol, or pdyvinyl alcohol or of 
mbaohydric alcohols sudi as methanol, ethanol, 
propanoic ot butane^ The fatty add radicals 
m such fully esterified esters can be saturated 

15 or unsaturated fatty add radicals, and are 
typified by acetates, propicHiates, butyrates, 
valerates, caproates, caprylates, capratcs, 
laurates, myristatcsj pahnitates, stearates, 
arachidates, behenates* camaubates, cerotates, 

20 muMEitanates,. oleates, sorbates, linoleates, lino- 
inates, and elaidates. In the case of the fully 
esterifiai fatty add esters of polyhydric 
alcohols, the alcdiol can be esterified with the 
same or different fatty adds. The fatty add 

25 radicals can be of dther higher or lower fatty 
adds ranging from two carbon atom fatly acids 
to or fatty adds, or even Qt> adds or 
higher. 

In practidng the invention, the processes 

30 embodying the invention can be utilized for 
treating mixtures of substantially fuUy esteri- 
fied esters of two different polyhydric alcohols 
having dissimilar fatty add radios, or of the 
same polyhydric alcohc^ oosntaining different 

35 fatty add radicals, to form mixed esters. 
Similarly one of the fatty add esters can be a 
fully esterified polyhydric alcohol e.g. a fatty 
add triglytoide and the other fatty add ester 
can be the ester of a monohydric alcohol. In 

40 like manner mixtures of fatty add esters of 
monohydric alcc^ols can be processed in 
accordance with the invention. 

The plural metal soap catalysts can be added 
to the mixture ctf fatty acid esters in the form 

45 of a double metal soap, that is, as a double 
metal salt of a higher fatty add, i.e. a salt of 
a fatty acid having at least five carbon atoms 
and moire desirably at least eight carbon atoms, 
or in the form <rf soaps of the individual metals, 

50 or in the form <rf separate alkali or alkaline 
eardi metal compounds and amphoteric metal 
compounds capable of reacting in the reaction 
mixture to form the requisite soaps of the two 
metals and die term " plural metal soap cata- 

55 lyst " is intended to cover those formed in situ 
as well as those added in the soap form, and 
those present as mixtures of individual metal 
soaps as well as a double metal soap. When 
the catalyst is formed in situ, at least one of 

60 the metal compounds and desirably both of 
the metal compounds employed shoiild be at 
least partially soluble in the mixture of fatty 
add esters under the reaction conditions to 
facilitate formati<m of the soap catalyst. Alter- 

65 nativdy, cme of the metal compounds can be in 


the form of a metal soap and the other metal 
compoimd in a form capable supplying the 
metal ions necessary for formation of the 
plural metal soap catalyst of the invention. 

One of the metab in the plural metal soe^ 70 
catadyst must be either an alkali metal or an 
alkalmc earth metal, such as sodium^ potas- 
sium, lithium, caesium, calcium, strontium or 
bariimL The other of sudi metals is ffli 
amphoteric metal and suitable ami^ioteric 75 
metals indude aluminium, titanium, zir- 
conium, cerium, tin, lead, cobalt, mt^ybdenum, 
manganese, cadmium, iron, copper, diromium, 
vanadium, thsdlium, nidsel, platinum, palla^ 
dium and zinc although any of the amphoteric 80 
metals diaracterised by the ability to act as 
cations or to f cam a metal-bearing anion can 
be tised. , 

While any of the plural metal soap catalysts 
defined herdnabove can be employed, those 85 
catalysts having aluminium as the amphoteric 
metal component are preferred and the. alkali 
metal-aluminium soaps are most desirable. 
The aluminium containing soaps can be used 
in smaller amounts than die other catalysts 90 
since they exhibit the highest decree of cata- 
lytic activity in the interesterification reactions 
embodying the invention. 

Another preferred dass of catalysts embody- 
ing the invention is tiiat in which tiie zmphoh- 95 
teric metal is titaidum. In the case <^ ti^miiim 
soaps, however, larger amounts are ordinarily 
employed than in the case of the aluminium 
soaps. The remaining plural metal soap cata- 
lysts are entirely suitable and give excellent 100 
results when used in amounts of four times 
as much as eight times the amount of the 
aluminiimi-cpntaining plural metal soaps. The 
plural metal soap catalysts wherein aluminium 
is die amphoteric metal are desirably employed 105 
in amounts of about 0.01 moles of catalyst per 
kilogram of reaction mixture although amounts 
as low as 0.001 moles per kilogram or lower 
can be used and higher amounts are not 
objectionable but usually are not necessary. 110 

Typical examples of suitable double metal 
soaps wherein both metals are induded in a 
single soap whidi can be dther formed in situ 
by the inclusion <rf separate metal compounds 
or added as a pre-formed double metal soap 115 
include lithium aluminium stearat^ lithinm 
aluminiimi palmitatey sodium aluminiimi 
oleate, sodium titatiium stearate, lithium 
titaniimi palmitate, potassium aluminium m^^ 
istate. lithium zirconium linoleate, calaum 120 
aluminium stearace, str^tium ti^nium pahni- 
tate, sodium zirconium istearate, litiiium cerium 
deate, sodium cobalt sts^rate, oildnm ti^nium 
palmitate, barium aluminium stearate, lithium 
zinc myristate, potassium titanium pahnitate, 125 
sodium cadmium linoleate, lithium lead 
stearate, and potassium copper stearate 
although any of the other plural metal soaps 
as described hereinabove can be employed 
satisfactorily in accordance with the invention. 130 
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When the soap is formed in sitUj it will, of 
oouise, be a mixture <^ soaps depending upon 
the fatty adds present in the reaction mixture. 
When the metal compounds forming the 
5 catalyst are added separately and the soaps are 
formed in the reaction mixture, one or both of 
the metals can be readily added in the form of 
an alcoholate such as the methoxide, ethoxide 
or isopropoxide, or in the form of a salt of a 
. 10 fatty acid such as a stearate, palmitate, or 
oleate, or as an oxide, chloride or hydroxide of 
the metal, when suc^ comporonds can famish 
the metal in a form available for soap forma- 
tion under the reaction conditioas. The nature 
IS of the metal compound ackled is not a factc»r 
in the process embodying the invention pro- 
viding me metal compound is in a form capable 
entering into the soap formation in the fatty 
add ester mixture being processed in accord- 
^ 20 ance widi the invention. It has been found 
diat most of the metals which act so effectively 
as catalyst in the combination defined herein 
are largely ineffective to catalyse intcresterifica- 
tion when employed alone. The indusion of 
25 more than one metal from the amphoteric 
tnetal group or from the alkali and alkaline 
earth group or both can be done if desired and 
is within &e scope of this invention,' although 
this is not necessary for optimum results as 
30 long as one metal from each group is present. 
The term " plural metal soap catalyst " thus 
is not intended to limit the invention to the 
indusion of only two metals in the reaction 
mixture but refers instead to the two dasses 
35 of metals which must be present. 

When the catalyst is formed in the reaction 
mixture, it is desirable but not necessary to 
add the metal-containing components in a nK>le 
for mole ratio. The amount of catalyst 
40 employed can be varied widely and amounts 
as low . as 0.05% or lower based on the weight 
of fatty aad esters being treated can be used. 
For commerdal operaticms, concentrations ci 
catalyst of the order of 0.1 to 0.5% have been 
45 foimd to be highly effective, although amounts 
as high as 1% or even 5% can be used but 
are usually not necessary. On a molar basis, 
catalyst concentratiQas of about 0.01 moles per 
kilogram of charge are preferred. The inter- 
50 csterification embodying the invention is 
effected at a temperature of at least 180** C. 
and desirably at a temperature of at least 
200* C Optimum results are obtained in the 
range of about 230** C to 260' C. in most 
55 cases, although temperatures as high as 300" 
C. ac higher have been used and may be 
desirable in some cases. The catalyst in some 
cases may be in the form of a mixture of a 
double metal soap formed in situ t<^ether with 
60 two individual metal soaps added to the 
reaction mixture, the exact nature of the soap 
catalyst and whether it is a mixture of soaps 
or a single double metal soap is not critical 
providing at least one memb^ of each group 
65 of metals as defined is present in soap form. 


A particular advantage of the catalysts 
employed in practicing this inveotic»i is their 
high catalytic activity under reaction con- 
ditions and their inactivity at temperatures 
bdow 180' C and usually bdow 200" C 70 
This makes it possible to effect cross-esterifica- 
tion in a mixture of fully estenfied fatty add 
esters at a temperature at or above 180" C., 
usually above 200 C, until the desired re- 
arrangement of fatty add radicals has beoi 75 
effected and then cool Ihe xeacticm mixture 
down to a temjperature below 180" C usually 
200" C at ^hich the catalyst is inactive and 
separate out the desired product or products 
without causing further rearrangement as the 80 
equilibrium becomes unbalanced by with- 
drawal of product. When a particular , product 
is being separated out, the depleted mixture 
can then be replenished with, s^diti^ial ester 
and again heated .to reaction temperature 85 
whereupon the. cataljrst again becomes active. 
This also makes it possible to effect any desired 
degree of rearrangement in the reaction mrx- 
ture by control of the temperature and the 
time of heating, and the reaction can be 90 
stopped at a predetermined stage by simply 
cooling the reaction mixture. Tlius, for 
example, the properties of a triglyceride fat, 
indudihg both the animal fats and die 
vegetable oils, can be altered to any desired 95 
degree and the product then recovered without 
further change by means such as vacuum dis- 
tillation, solvent extraction, or fractional 
crystallizati<Hi at temperatures below the tem- 
perature^ at which the catalyst is active. 100 

The invention is particularly useful for 
modifying the diaracteristics isudi as melting 
pointy freezing jKmit or crptallization char- 
acteristics of triglyceride fats and fatty oils 
sudi as lard, butter, butter oil, tallow, and 105 
cocoa butter, tinhydrogated or partially or fully 
hydrogated vege^le oils sudi as soybean oil, 
peanut oil, coconut oil, cottonseed oil, and. 
com oil or of mixtures of these or other fats 
and fatty oils consisting predominantiy of 110 
fatty add triglycerides. 

Another particularly suitable use for the 
invention is in preparing fatty acid full esters 
of pol^ydric alcohols wherein tifcie alcohol e.g. 
glycerine is estenfied with both higher and 115 
lower fatty adds. Thus, for example^ triacetin 
or tributyrin or a similar ester of a lower fatty 
add having less than 5 carbon atoms per mole- 
cule can be reacted with a higher fatty add 
ester in whidi the fatty acid contains more 120 
than 5 carbon atoms per molecule, ie. 6 to 24 
or more carbon atoms per molecul^ such as 
tripalmitin, triolein, tristearin, <deodip?ilmitin, 
stearodilaurin, or palmitodistearin, to give pro- 
ducts containing one or more lower fcitty add 125 
radicals and one or more higher fatty add 
radicals. Typical d sudi products are mooo- 
acetDdistesudn, diacetomonostearin^ monobu^ 
rodipahnitin» monobutyrodistearm, diaceto- 
monopahnitibo, miHioacetXKliolein, monobutyio- 130 
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diolein, diacetomono-olein or mixtures of these of lithium and aluminium was formed) and 

compoimds. then cooled below 150' C. The cooled reaction 

Similarly, a triglyceride fat, such as an mixture was vacuum distilled at a prcssui » 

animal fat or a vegetable oil, whether unhydro- below about 10 microns Hg. and the unreacted 

5 genated or partially or fully hydrogcnatea and triacetin collected up to a temperature of 70 

consisting of a mixture of fatty triglycerides 135" C The fracdcHi distilling in the range 

can be cross-esterified with triacetin or tri- of 140 — 185° C. was collected and consisted 

butyrin to give greatly modified materials, predominandy of diacetomonostearin and di- 

Likewise, the triglycerides can be cross-csteri- acetomonopalmitin togedier with a minor 

10 fied with fully csterified glycols or with fatty amount of the cwespooding monoac^to 75 

add full esters of other polyhydric alcohols, derivatives and a small amount of acetomyri- 

Lard and hydrogcnated lard can be cross- states and acetoarachidates. This product 

esterified to give a product having properties amounted to a yield of 38% as compared to 

differing from both reactants. Low mdLting a yield of but 9.5% using aluminium isc^ro- 

15 or liquid fats can be inter-esterified wifli a pure poxide alcMic as catalyst. 80 
triglyceride like tristeazin to give products 

Intermediate between die fat and tlie tristearin- Example 2. 

It is thus evident that any (x>mbination of A recycle of the combmed residue and tri- 

fully esterified fety add esters can be used, acetih' fracdons .as obtained in the preceding 

20 and that the interesterification is useful for a example was run by mixing together 93 g. of 

vast nmnbsr of applications in the estcar fidd. the recovered triacetin fraction, 107 g- of fresh 85 

In practicing the invention, the mixtures triacetin, 115 g. of the residue containing the 

being treated need not be anhydrous or add- lithium aluminium soap catalyst, imreacted 

free. When the catalyst is formed m situy the hydrogcnated lard, monoacetcdistearin and 

25 presence of free fatty add in the mixture is monoacetodipalmitin, and 85 g. of fresh hydro- 

actually desirable in order that the catalyst genated lard. This mixture was heated for 1 90 

soap can be more quickly formed although an hour at 250* C. and then cooled below 150" C 

hiitial free fatty add content is not necessary No additional catalyst was added for the 

since the required amount of fatty add recyde operation. The resulting product was 

30 becomes available under the reaction con- then vacuum distilled as before and a 45.6% 

ditions. The xeacti(m mixture obtained by yidd of purified product was obtained consist- 95 

means of this invention can be readily dis- ing predominandy of diacetomonostearin and 

tilled since the double metal soap catalysts do diaoetomonopahmtin. 
not cause gdling during the distillation. The 

35 products obtained are readily recovered by Example 3. ^ 

vacumn distillation at temperatures bdow To a mixture consisting of 200 g. of hydro- 

about 200' C and pressures of 1 — 100 genated lard and 200 g. of triacetin was added 100 

microns of mercury in accordance with usual 1.57 g. of alummium isopropoxide and 0.25 g. 

distillation practice, although higher tempora- of lithium isopropoxide. The resulting nux- 

40 tures can be used without substantial reversion ture was heated at 250* C for 1 hour, cdoled 

in the case of this film vacuum distillation and vacuum distilled. The diacetomonosteann- 

even thou<»h the catalyst is active under these diaatomcmdpalmitin fraction distilling at 105 

conditions? Thus temperamres as high as 140—185'* C. was collected in a yield ot 

250" C or 260' C. or higher have been 40.3%. It is thus apparent that the metals 

45 successfully employed. The catalyst need not which form the catalyst can be added separ- 

be diemically inactivated and hwice can be ately and the soap or soaps constituting the 

used repeatedly whidi makes large scale cydic plural metal catalyst formed m situ. 110 
operations possible. 
The invention is illustrated by the following Example 4. 

50 examples of preferred embodiments thereof, it The plural metal catalyst was furnished by 

being understood that the examples are illus- adding 1.09 g. of lithium stearate and 6.93 g. 

trative only and not intended to hmit the scope of aluminium stearate to a mixture of 200 g. 

of the invention: — oi hydrogcnated lard and 200 g. of triacetin. 115 

Example 1. After heating for 1 hour at 250' C, the pro- 

55 lithium aluminium ethjdate was prepared duct was cooled and vacuum distilled as 

by dissolving 5 g. of lithium alummium described hereinabove to^give a 45.3% yi?ld 

hydride in 100 ml. of ether and adding the of the mixed diaceto ester. The residue was 

resulting solution to 100 ml. of etiianol. The replenished and recycled five tunes without di2 120 

resulting product v/as then diluted with an addition of fresh catalyst and a 40% yield 

60 additional 100 ml. of ether, and 80 ml. of this obtamed on the fifth recyde. The catalyst 

solution was then added to a mixture of 200 g. thus remains in the residue with undiminished 

of triacetin and 200 g. of hj^genated lard catalytic activity throughout repeated reactions. 
The resulting reaction mixture, after removal 

of the catalyst solvent, was heated for 1 hour Example 5. _ 

65 at 250° C. (during whidi time a double soap An unsuccessful attempt at interesterifica- 
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tkm was made by headng a mixture of 200 g. 
of hydrogenated lard> 2G0 g. of triaoetin and 
1.09 g. oi lithium steaiate alone as catalyst. 
A similar unsuccessful run was made with 
5 6.93 g. of aluminium stearate as sole catalyst. 
The residue and distillate fractions from these 
two unsuccessful reactions were then combined 
and heated at 250° C. for one hour. A 39.2% 
yield of interestenfied product was obtained 
'10 by vacuum distillation. 

Example 6. 
A sodium aluminium soap catalysis was 
effected by mixing together 200 g. of hydro- 
genated lard, 200 g, of triacetin, 0.009 g. of 
15 sodium methoxide and 1.65 g. oi aluminium 
stearate and heating the resulting mixture for 
1 hour at 250' C. Distillation gave 173 g. of 
interesterified product distilling in the range 
<rf 135* to 185' C under the distillatioia 
' 20 CQuditions. 

Example 7. 
A batch of 200 g. of lard, 200 g. of triacetin, 
0.0068 g. oi sodium hydroxide and 0382 g. 
of aluminium isopropoxide was heated for 1 

25 hour at 250"* C dunng which time a double 
soap of sodium and aluminium was formed. 
Vacuum distillatioQ gas a 37.6% yidd oi inter- 
esterified acctiM^cin product. The residiie 
was replenish^ with additional lard and tri- 

30 acettn but no additicmal catalyst. After heat- 
ing and distOling as before, a 41.7% yield of 
mixed ester was obtained. 

Example 8. 
A 200 g. batch of unbleached lard which 

35 was partly liquid at 25" C vras dhargcd into 
a pot still and 0.54 g. of lithium stearate and 
1.65 g. of alimiinium stearate were added. The 
resulting nodxture was then' heated at 250" C. 
and a pressure of 3 microns for 1 hour. The 

40; interesterified reaction product was solid at 
25" C and had amelting point of 27**— 39" C. 
This product was ihca filtered at 26.5* C and 
gave 31.1% of sdid fat having a melting point 
of 41 • — 47* C and 66.7% of liquid fat having 

45 a doud pdnt of 10* C 

Example 9. 
Cottonseed oil having a doud point of 11* 
C. was interesterified by heating 578 g. oi the 
oil widi 0.78 g. cf lithium stearate and 239 g. 
50 of aluminium stearate at 250'' C The pro- 
duct was filtered and bleached to give an inter- 
ester^ed oi] having a doiid point oi 19* C 
. Example 10. 
A 400 g. batch of soybean oil having a doud 
55 point of — 6* a was heated at 250' C with 
0.54 g. of litiiium stearate and 1.65 g. of alumi- 
nium stearate. The reaction product after 
filtering and bleaching was a dear yellow oil 
having a doud point of 3" C 
60 Example 11. 

A 400 g. batch of menhaden oiU from a lot 
whidi gave a 49.2% distillate Qodme value 


140.7) at 27&— 289" C and 10 microns pres- 
sure, vwis heated at 250" C. with 0.54 g. of 
lithium stearate and 1.65 g. of aluminium 65 
stearate. The resulting interesterified oil had 
a 50.5% distillate fraction distilling over a 
range from 220—290" C and having an 
iodhie value of 122. 

Example 12. 70 
Hydrogenated lard and triacetin in equal 
proportions by weight were interesterified with 
0,00935 moles per kilogram of charge of a 
strontium aluminium soap catalyst formed »n 
situ by the addition of strontiinn hydroxide 75 
and aluminium stearate at 250*" C. The pro- 
duct was distilled and the resulting diaceto- 
monostearin-diacetomonopalmitin mixed esters 
recovered- 

Example 13. 80 
Diacetylatcd esters of hydrogenated lard 
were prepared as -in the preced^Dg exanmle 
using 0.138 g. of caidum hydroxide and 1.65 g. 
of aluminium stearate to provide a calcium 
altiminium soap catalyst 85 
Example 14. 
Mixed butyrostearins were prepared by 
heating a mixture of 275 g. of tributjiin^ 
550 g. of hydrogenated lard, 1.12 g. of lithium 
stearate, and 336 g. of aluminium stearate at 90 
255" C f OT 1 hour. The resulting reaction 
mixture was then vacuum distilled at about 
10 microns pressure. A 317 g. fraction con- 
sisting predcMninantiy dibutyromonostearin 
and having a sapon&cati(Mi value of 331 was 95 
recovered in the temperature range of 135 — 
210" C. a 200 g. fraction consisting predomi- 
nandy of monobutyrotriglycerldes having a 
saponification value of 251 was distilled over 
in the range of 210—240" Q The melting 100 
point of the dibutyromonostearin was 7 — 16" 
C, and the mdting point of die " monobutyro- 
distearin" was 31.5—32.5" C. . 

Example 15 

Intcresterification between hydrogenated 105. 
coconut oH and triacetin was effected by heat- 
ing a mixture of 1006 g. of hydrogenated coco- 
nut oil, 994 g. of triacetin, 2.72 g. of . lithium 
stearate and 8.16 g. of aluminium stearate at 
250" C for 1 hour. The product was dis- 110 
tnied to give 237 g. of diacetylated coconut oil 
esters ccmsisting predominandy of diac^to- 
monolauria and diacetoinoncmiydstin and 
216 of moaoacetyiated esters OMisisting pre- 
d<»nmantly of monoacetodilaurin, monoaceto- 115 
dimyiistin^ and acetolauromyiistin. 
Example 16. 

Oppositions containing large amoimts of 
dibutvromono-olein and of monobutyrodiolein 
together with smaller amoimts of the butyro- 120 
stearins and butyropalmitins were prepared by 
interesterifying 666 g. of unhydrogenated lard 
witii 334 g. of tributyrin in the presibnce of 
1.36 g. of lithium stearate and 4.08 g. of alumi- 
, niimi stearate at 250" C. The reaction pro- 125 
duct was distilled at 10 microns pressure and 
the imreacted tri-buiyrin removed at tempera- 
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tures up to 135° C., 359 g. of a composition 
consisting predominantly of dibutyroti^g^y- 
cerides were recovered in tbe range of 135 — 
200*" C and 301 g. of a composition consist- 

5 ing predonunandy of monobutyritriglycerides 
were distilled over in the range of 200—240'* 
C. The dibutyrotriglycerides composition had 
a saponification value of 332, a cloud point of 
—0.8* C. and a freezing point of — 20" G 

10 The monobutyrotrigiycerides composition has 
a saponification value of 247, a doud point of 
9.5" C. and a freezing point of 4 — 5* C The 
" butyro-oleins " and aceto-oleins " which 
are liquid at room temperature find excellent 

15 utility as plastidzers and as diluents for hard 
fats to increase their plasticity range. 
Example 17. 
Hydrogenated laid and tnacetin in equal 
proportions by weight were interesterified at 

20 250^ C. by means of 0.055 moles per kilogram 
of reaction mixture of a sodium zinc soap catar 
lyst resulting in the reaction mixture mm the 
addition of sodium hydroxide and zinc palmi- 
tate, and die resulting mixed esters were 

23 recovered by distillation as described in 
ceding examples. 

Example 18. 
Hydrogenated laid and triacetin in equal 
proportions by weight were interesterified as 

30 described in Example 17 by means of 0.073 
moles per kilogram of reaction mixture of a 
lithiimi cobalt soap catalyst resulting from 
addition of lithium stearate and cobalt stearate 
to ti» reaction mixture. 

35 Example 19. 

Hydrogenated lard and triacetin in equal 
proportions by weight were interesterified as 
described ip Example 17 using 0.00935 moles 
of a strontium aluminium soap catalyst per 

40 kilogram of reaction mixture resulting from 
addition of strontium hydroxide and alumi- 
nium stearate to the reaction mixture. 
Example 20. 
The interestification of hydrogenated lard 

45 and triacetin in equal proportions by weight 
in accordance with the procedure detailed 
hereinabove (Example 17) was effected with 
0.0374 moles per kilogram of reaction mixture 
of a sodium titanium soap catalyst added in 

50 the form of sodium hydroxide and titaniiun 
ethylate. : 

Example 21. 
The interesterification of hydrogenated lard 
and triacetin in equal proportions by weight 
55 was effected as in Example 17 with 0.0187 
moles per kilogram of reaction mixture of a 
lithium titanium soap cataljrst from the addi- 
tion of lithium stearate and titanium ethylate 
to the reaction mixture. 
60 Example 22. 

A lithium manganese soap catalyst formed 
by addition of lithium stearate and manganese 
stearate to the reaction mixture was used to 
interesterify hydrogenated lard and triacetin in 
65 equal proporticms by weight using 0.00935 


moles of catalyst per kilogram of reactants and 
following the procedure of Examine 17. 
Example 23. 

A lithium tin soap catalyst from addition of 
lithiumstearate and tin acetate to the reaction 70 
mixture catalyzed the interesterification of 
hydrogenated lard and triacetin in equal pro- 
portions by weight using 0,00935 moles of 
catalyst per kilogram of reactants and follow- 
ing the procedure of Example 17. 75 
Example 24. 

A lithium vanadium soap catalyst was used 
to catalyze the interest^ification of hydro- 
genated lard and triacetin at 250* C. 0.00935 
moles of catalyist were used per kilogram ot 80 
reactants, the latter being in equal proportions 
by weight 

Example 25. 

The inter^terification at 250* C. of hydro- 
genated lard' and triacetin in equal proportions 85 

weight was catalyzed by 0.00935 moles per 
kilogram of reactants of a Htfaium duromium 
soap catalyst resulting from addition ol litiuum 
stearate and diromium stearate to the reaction 
mixture. 90 
Example 26. 

Similar interesterification is effected with 
esters monohydric alcohols. Thus 300 g. 
of coconut oil and 100 g. of ethyl stearate were 
mixed together and heated for 1 hour at 250* 95 
C in admixture with 0.54 g. of lithiimi stearate 
and 1.65 g. of aluminium stearate. The 
reaction mixture was then heated at 256* C. 
and a pressure of 10 nun. Hg. and 46.3% of 
low boiling ethyl esters of fatty adds such as 100 
caprice caproic and lauric adds, having a 
saponification value of 251 were distilled c^. 
The residual mixture consisting largdy of 
rearranged triglycerides was then diarged to 
a centrifugal high vacuum still. This residue 105 
was a solid having a saponification number of 
249. A Hquid fraction weighing 22.0 g. was 
collected at a temperature of 180* C. and a 
pressure of 7 microns Hg.; a second liquid 
fraction wdghing 46.4 g. was distilled out at 110 
210" C and a pressiure of 5 mkroos H^. and 
a tiiird liquid fraction of 39.5 g. was distilled 
oat at 220*" C and 5 micxcms H^. pressure. 
At 240* C and a pressure of 3 micr<»is Hg., 
a 144.5 g. fraction of nonnally solid product 115 
was obtained, and a 30.5 g. fraction of solid 
product was obtained at 250' C and 3 microns 
Hg. pressure. The residue was a solid wdgh- 
ing 22.0 g. Thus, the characteristics of the 
coconut oil were altered by the interesterifica- 120 
tion with a shnple ester of a monohydric 
alcohol. 

Example 27. 
Coconut oil was modified in a still different 
fashion by interesterifying 300 g. of coconut 125 
oil with 100 g. of methyl palmitate in tixe 
presence of 0.54 g. of lithium stearate Jtnd 
1.65 g. of aluminium stearate. The reacti<wi 
mixture was heated for 1 hour at 250° C, and 
the pressure was reduced to 10 mnu Hg. and 130 
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the temperature raised to 265* C. whereupon 
a 51.6 fracdon of mediyl ester disdllate having 
a saponificadon value of 287 was obtained. 
The residue had a saponificadon value of 248. 

t The original coconut oil had a sapomficadqn 
value d[ 246. A 327.5 g. pord<Mi of die solid 
residue was then disdlled on a centrifugal high 
vacuum still. The first fracdon weighing 
16.5 g. was a liquid obtained at 150** Q and 

10 25 microns Hg. pressure. A second liqidd 
fraction weighing 4.0 g. was obtained at 200' 
C. and 8 microns Hg. pressure, and a third 
liquid fraction <rf 42.8 g. was obtained at 220° 
C. and 7 micrwis Hg. pressure. The next 

15 fraction of 28.1 g. obtained at 230** C and 
5 microns Hg. was a semi-solid. The fraction 
obtained at 240" C. and 4 microns Hg. was 
-a solid and weighed 90.5 g. At 250" C. and 
4 microns Hg., a 71.5 g. solid fraction was 

20 obtained, and a final soBd fraction weighing 
40.0 g. was obtained at 260' C. and 5 microns 
Hg. pressure. The solid residue weighed 
12.5 g. As can be seen, the reaction product 
obtained by interesterificadon of coconut oil 

25 with methyl palmitate differed significandy 
from diat obtained by interesterificadon with 
cdiyi stearate as set out in the preceding 
example. Thus, die properties of a triglyceride 
such as coconut oil can be varied as desired 

30 by varying the natm-e of the full ester with, 
whidi it is reacted in accordance widi the 
uivend<Hi as well as by chffliging the relative - 
proportions of die reactants to direct the inter- 
esterificaticxi toward a desired product as con- 

35 trasted with a completely randomized mixture 
obtained with stoichiometric proportions. 
Example 28. 
InteresterificaQkm was effected between 
300 jg. of pentaerythiitol tcstradleate and 100 g. 

40 of - triacetin in the presence of 0.54 g. of 
lidiium stearate and 1.65 g. of aluminium 
stearate at 250' C After a 1 hoiu: reaction 
period^ the reaction product was vacuum dis- 
tilled at a pressure 10 miaons Hg. A dis^ 

45 dilate fracnon amounting to 29.8% of the total 
diarge was obtained in the range erf 135* — 
185* C and an additional 5% was obtained 
between 185* C and 200' C. The first frac- 
tion obtained had a doud i>oint of —13* C> 

50 a frczing point oi —30* C and a refractive 
index of 1.5445 at 25* C. The modification 
of the physical properties of the reactants is 
evident for triacetin distils completely below 
135* C. at 10 microns pressure whereas penta- 

55 erjrthritd tctraoleate distils only atsove 250* C 
at this pressure. By the interesterification,. 
nearly 35% of the reaction product distilled 
in die range of 135*— 200' C 
Example 29. 

60 A mixture was prepared of 200 g. of cotton- 
seed dl and 200 g. (k hydrogenated lard. The 
mixture melted rather sharply at 56 — ^37 C 
To the mixture was added 0.54 of lithium 
stearate and 1.64 g. of aluminium stearate, and 

65 the resulting reaction mixture was heated at 


250* C f<» one hour. Following reactiiraij the 
product was cooled to 150* C. and vacuum 
disdlled at a pressure bdow 10 microns Hg. 
A very sniall fracdrai weighing 12 g. ^ 3.1% 
yield distilled off at 150 to 200* C The bulk 70 
of the product (339 g. or 87.7%) distilled in 
the range of 200—290* Q This product had 
a mddng point of 48.52* C cm: nearly 10* C 
lower than die original mixtture. 

EXAMPLB 30. 75 

A batch of commercial coconut oil (" Cobee 
76 ") was distilled under vacuum and 36% of 
the original oil was obtained as a liquid (^til- 
late product. The distilled coconut oil (i.e. tlic 
liquid distillate product) was then rearr^ged 80 
in accordance with this invention using a 
lithium aluminium soap catalyst. The catar 
lyst vi^s a mixture of equal proportions ot 
lithium stearate and aluminium stearate at a 
concentration oi 0.00935 mdes oi catalyst per 85 
kilogram of coconut oiL The reaction was 
effected at a temperature Of 250* C. for a 
period of 1 hour. The resulting rearranged 
oil gave only 23.5% of- distillate as a liquid 
fraction. Similarly a batch of unreacted coco- 90 
nut oil (" Koline 76 ") was distilled at 200* C. 
and 10 miGcons pressure. A 12% distillate 
fraction was obtained. After interesterification 
of the distillate fraction in accordance with 
this invention, a similar batch gave only a 95 
3.5% distillate fraction at 200* C 

Thus by means of this invention, the |Hro^ 
pertks of substantially completely estenfied 
fatty add esters are modified by interesterificar- 
don in mixtures of such esters. Since the 100 
natural fats, including both the solid fats and 
fatty oils V consist largely of mixed fully esterir 
fied tdglycerides of the fatty adds having &om 
. 4 to 24 carbon atoms and usually fr<Hn about 
8 to 22 carbon atoms in the fatty add chain, 105 
the properties of such fats are modified by 
merely heating with the plural metal soap 
catalysts embodying the invention to rearrange 
the fatty add radrcals already present. The 
degree of rearrangement and hence the degree 110 
of modification can be varied as desired 
by varying the time and temperature of 
reaction in accordance with usual esterification 
practice. 

When it is desired to modify the projperties 115 
still further, a wliolly f ordgn faity acid ester 
can be introduced to take part in the inter- 
esterificadon as for example a lower fatty add 
ester of glycerine sudi as triacetin, or tri- 
butyrin whereby some of die higher fatty add 120 
radicals are replaced by the lower fatty add 
radicals. When stmdiiometric amounts of die 
fatty add esters are employed, the reacdon 
product is a random^ed ccnnpkx mixture 
the possiUe ccmibinations of radicals! cm die 125 
polyhydric alcohol. By varying ifae propor- 
tions of the reactants and the reacdop cosi- 
didons, the randoinization equilibrium is 
shifted toward a desired product. Thus, 
example in a fat consisting largdy of stearic 130 
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and palmitic mixed triglycerides, an excess of invention do not have to be used under 

triacetin will direct die equilibrium towards anhydrous or acid-free conditions so that 

larger amoimts of diacetomonostearin and the reactants need not be first subjected to a 

diacetomonopalmidn and lesser amounts ot costiy pre-treatment before interestedficatioiL 

5 monoacetodistearin, monoacetodipalmitin and The reaction velocities are appreciably better 70 

monoacetopalmitostearins than with a stolchio- than %verc obtainable heretofore in inieresteri- 

metric ieacti<Hi. fication reactions, and side reactions are gready 

By use of two different polyhydric alcohol min i m i z ed. . 
esters with different fatty acid radicals, the The rearranged fatty esters prepared in 

10 properties of both are modified to give a ran- accordance with this invention arc not only 75 

domized mixture which likewise can be useful direcdy> as described hereinabove, but 

directed towards one or the other the also find utility in the preparation of partial 

reactants. Thus, by reacting pentaerydiritoi esters such as monc^lycerides and diglycerides 

tetracAeate with triacetin^ a mixed product by alcoholysis to give partial ester ooinposl- 

15 having intermediate properties is obtained. An tions with properties different fsxm mose 80 

> excess of triacetin gives a product approacHmg obtainable froxn unmodified fats, 
the triacetin properties whereas an excess of What we claim is: — 
tiie pentaerythritol ester gives a product 1. A method of effecting interesterification 

more closely approaching tms latter ester. comprising heating a mixture of substantially 

20 This inventi<m thus permits the jpreparation completely esterified fatty add esters at a tan- 85 

of full esters having properties modified to any - perature of at least 180"* Q in die presence 

desired degree. The cloud point of fatty oils oi a plural metal soap catalyst comprising a 

can be raised or the melting point can be soap or soaps of at least two metals, wherein 

raised, or a mixture can be prepared havii^ a one of the metals is an alkali or alkaline earth 

25 much' wider range of plasticity than die metal and the other metal is an amphoteric 90 

original fat By suitable interesterificati0n and metal, and diereby rearranging the fatty add 

fractionation of the product by vacuum dis- radicals in the mixture, said soap or soaps 

tiUation or fractional crystallization, modified being derived from one or more f atQr adds 

esters of any desired melting point can be pre- having at least 5 carbon atoms per molecule. 
30 pared and sharp mdting fats can be obtained. 2, A method as claimed in Claim 1 in whidi 95 

The preparation of " tailor-made " fatty the mixture of tatty acid esters includes a fatty 

esters is thus possible for use as plastidzers, add ester of a polyhydric alcohoL 
coking oils, coatings, or butter or margarine 3, A method as claimed in Claim 1 in which 

substitutes with the same ease whidi is nor- the mixture of fatty add esters indudes a fatty 

35 mally attendant to alcoholysis reactions. add ester of a monohydric alcohol; 100 
The process embodying the invention finds 4. A method as daimed in Claim 1 in whidi 

equal utility with the unsaturated and the the mixture of fatty add esters is a mixture 

saturated mixed esters and thus can be used <^ triglycerides. ^ ^ ^ 

for rearranging the unhydrogenated fats, 5. A method as daimed in .Claim 1 in ^vdiidi 

40 induding animal fats and vegetable oils as well the mixture of fatty add "esters is a niixtare 105 

as the partially and fully hydrogenated fats <rf fatty add triglyceride aiid a fatty add ester 

dependmg upon the diaractmstics desired for of a monohydric alcohoL 
the final product 6. A method as claimed in Qaim 1 in which 

Thus by means of this inventiaa, fatty esters die mixture of fatty add esters is a mixture 

45 can be readily prepared to fulfil various desired of a fatty add triglyceride and triacetin. 110 
requirements depending upon the use to which 7. A method as daimed in Qaim 4 in which 

they are to be put. In this way, the com- the mixture of triglycerides indudes a tri- 

mcrcial utilization of the fatty esters is gready glyoeride of a fatty add containing less than 

advanced and the dependence upon the onpnSi 5 carbon atoms per molecule and a triglyceride 

50 properties of the natural fats and fatty oils is of a fatty add containing more than 5 carbon 115 

obviated. atoms per molecide. 

The catalysts employed in the invention not 8. A method as claimed in Qaim 1 in which 

only exhibit unusual activity in promoting the mixture of fatty add esters is in the form 

interesterification, but they find particular of a vegetable oil or an animal fat 
55 utility in cydic processes because they do not 9. A method as daimed in any one of the 120 

interfere with distillation and retain their preceding daims in which the plural metal 

activity through repeated recydes. Thus, a catalyst is added in the f(»rm of an alkali metal 

desired rearranged fraction can be removed or alkaline earth metM compound and an 

following reaction and the residue replenished amphoteric metal compound which, during the 

60 with additional reactants and run through the heating, form the plural metal soap camyst 125 

process any number of times. By this means, which catalyses the interesterificatioa oi the 

the fatty esters charged to the process are mixture of fatty add esters, 
recovered in the desired interesterified fwm in 10. A method as claimed in any one of the 

substantially complete yidd. preceding daims in which the alkali metal is 

65 ioirdiemioce, the catalysts used in die sodium car lidiiiinL 130 


IL A mediod as daimed in any one of the 13. Methods of effecting interesterification 

preceding daims in whidi the amphoteric as daimed in Qaim 1 and substantially as 

metal is aluminium. hereinbefore described with reference to the 10 

12. A method as claimed in any one of the examples. 
5 preceding daims in whidi the mixture of fatly W. P. TH02VIPS0N & CO., 

add esters is heated in the temperature range 12, Church Street Liverpool. 1, 

230' C to 260^* a Cheered Patent Agents. 
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